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ABSTRACT
Fast radio bursts (FRBs) are a mysterious astrophysical phenomenon of bright pulses emitted at radio
frequencies, and it is expected for them to be frequently detected in the future. The dispersion measures
of FRBs are related to cosmological parameters, and thus FRBs have a potential to be developed into
a new cosmological probe if their data can be largely accumulated in the future. In this work, we study
the capability of future FRB data for improving cosmological parameter estimation in two dynamical
dark energy models. We find that the simulated FRB data can break the parameter degeneracies
inherent in the current cosmic microwave background (CMB) data. Therefore, the combination of the
CMB and FRB data can significantly improve the constraints on the Hubble constant and dark energy
parameters, compared to those using CMB or FRB alone. If ten thousand events of FRBs with known
redshifts are detected in the future, they would behave better than the baryon acoustic oscillation
(BAO) data in breaking the parameter degeneracies inherent in the CMB data. We also find that
the combination of FRB and gravitational wave (GW) standard siren data provides an independent
low-redshift probe to verify the results from CMB and BAO data. For the data combination of CMB,
GW, and FRB, it is found that the main contribution to the constraints comes from the CMB and GW
data, but the inclusion of FRB data still can evidently improve the constraint on the baryon density.
Keywords: fast radio burst, cosmological parameter estimation, dark energy, gravitational wave stan-
dard sirens, cosmological probe
1. INTRODUCTION
The late-time cosmic accelerated expansion discovered
by Supernova Search Team et al. (1998) and Supernova
Cosmology Project et al. (1999) is hardly to be real-
ized in a universe governed by general relativity with
only barotropic and pressureless fluids. To realize the
acceleration in the late universe, one needs to modify
general relativity at the cosmological scale or introduce
a new component with negative pressure, called dark
energy (DE). The CMB anisotropies data observed by
the Planck satellite (Planck Collaboration et al. 2018a)
favor the Λ cold dark matter (ΛCDM) model with the
DE provided by a cosmological constant (Λ), which is
usually regarded as the standard model of cosmology
(Bahcall et al. 1999). However, the ΛCDM model suf-
fers from the cosmological constant problem (Weinberg
1989), so the proposal of dynamical dark energy has
also been widely studied (Joyce et al. 2015).
The CMB data alone can only measure the parame-
ters at high precision for the base ΛCDM model, but
they cannot provide precise measurements for the ex-
tra parameters if the model is extended to include new
physics; in particular, there usually exist strong degen-
eracies between these parameters (Planck Collaboration
et al. 2018b). Since the CMB observation is the mea-
surement of the early universe, low-redshift observations
like the baryon acoustic oscillation (BAO) observation
are employed as complements to break the parameter de-
generacies (Beutler et al. 2011; Ross et al. 2015; BOSS
Collaboration et al. 2017). It should be pointed out
that, although the current BAO measurements come
from the galaxy redshift surveys for late universe, the
BAO and CMB observations actually share the same
standard ruler of the comoving scale of sound horizon
formed in the early universe. Thus, developing more in-
dependent and precise low-redshift cosmological probes
to verify the results from CMB+BAO is of great interest
and importance.
Recently, a class of bright pulses with millisecond-
duration at radio frequencies, named fast radio bursts
(FRBs), has been detected (Lorimer et al. 2007; Thorn-
ton et al. 2013; Petroff et al. 2015, 2016). Although
the FRBs’ specific progenitors are still unknown, their
locations are considered to be extragalactic, for the dis-
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2persion measures (DMs) of them greatly exceeding the
maximum Galactic expectations. Indeed, the cosmo-
logical redshifts and the host galaxies of several FRBs
have been recently identified (Scholz et al. 2016; Spitler
et al. 2016; Chatterjee et al. 2017; Marcote et al. 2017;
Tendulkar et al. 2017; Bannister et al. 2019; Ravi et
al. 2019), including both repeating and non-repeating
events. It has long been proposed that a sufficiently
large sample of FRBs with redshift detection could be
used to place constraints on cosmological parameters
through the DM-redshift relation (Gao et al. 2014; Zhou
et al. 2014). Current FRB observations suggest a suf-
ficiently high all-sky FRB rate of ∼ 103 − 104 per day
(Cordes & Chatterjee 2019; Petroff et al. 2019). Started
or upcoming surveys, such as the Canadian Hydrogen
Intensity Mapping Experiment (CHIME) telescope and
its FRB search backend (CHIME/FRB Collaboration
et al. 2018), and especially the Square Kilometre Ar-
ray (SKA) project (Macquart et al. 2015) are expected
to detect about one thousand or more FRB events ev-
eryday (Fialkov & Loeb 2017), enabling it feasible to
constrain cosmological parameters.
In the literature, the cosmological parameter estima-
tion from FRB was pioneered by using the possible asso-
ciation of FRBs and Gamma-Ray Bursts (Deng & Zhang
2014; Gao et al. 2014) and developed into a promising
tool to study the expansion history of the universe by a
series of works, e.g. breaking the cosmological param-
eter degeneracies by combining the FRB data with the
BAO data (Zhou et al. 2014) and the type Ia supernova
(SN) data (Jaroszynski 2019), directly constraining cos-
mological parameters by introducing a slope parameter
(Yang & Zhang 2016), extracting cosmological distance
information considering the effects of systematic uncer-
tainties (Kumar & Linder 2019), acting as a cosmolog-
ical probe from strongly lensed repeating FRBs (Li et
al. 2018; Liu et al. 2019), measuring the cosmic proper
distance (Yu & Wang et al. 2017), and improving the
constraints on baryon density compared to the current
data set (Walters et al. 2018). However, the combina-
tion of FRB and the current most precise cosmological
probe, the CMB observation, is still not deeply studied.
Besides, an interesting and heuristic idea is the gravi-
tational wave (GW)/FRB association proposed by Wei
et al. (2018), in which the authors noticed that the com-
bination of luminosity distance dL from GW and DM
of FRB would be very helpful in cosmological tests.
Inspired by this idea, Cai et al. (2019) probed cos-
mic anisotropy with GW/FRB association and Li et al.
(2019) introduced a cosmology–independent estimate of
the fraction of baryon mass in the intergalactic medium
(IGM). It is suggested that the correlations of cosmo-
logical parameters in DM and in dL are rather different,
even opposite, because DM is proportional to the Hub-
ble constant H0 whereas dL is inversely proportional to
H0. This fact may also be very helpful in cosmological
parameter estimation and needed to be further studied.
The GWs detected by the Laser Interferometer
Gravitational-Wave Observatory (LIGO) are astronom-
ical low-redshift events produced by the mergers of bi-
nary black hole or binary neutron-star (BNS) systems,
which are fully independent of the high-redshift CMB
observation. The advantage of GW is that the absolute
distance information of the source can be directly ex-
tracted from the GW signal, which discards the distance
ladder method to calibrate between different astronom-
ical processes. The GW events observed by the next-
generation ground-based GW detectors, such as the Ein-
stein Telescope (ET), combined with independent elec-
tromagnetic observations, can lead to a true distance–
redshift relation, which can be used to study cosmol-
ogy. Thus, such GW sources are often dubbed “stan-
dard sirens” (Schutz 1986; Holz & Hughes 2005), and
are expected to become a new precise cosmological probe
(Sathyaprakash et al. 2009; Feeney et al. 2019; Chen et
al. 2018; Zhang 2019; Zhang et al. 2019; Wang et al.
2018; Cai & Yang 2017; Cai et al. 2018; Sathyaprakash
et al. 2010; Zhao et al. 2011; Zhang et al. 2020, 2019; Jin
et al. 2020; Li 2015; Li et al. 2019). In particular, it is
found that the combination of GW and other cosmolog-
ical probes, such as CMB and BAO, is greatly helpful in
breaking the parameter degeneracies (Wang et al. 2018;
Zhang et al. 2019, 2020, 2019; Jin et al. 2020; Zhang
2019).
In this paper, we wish to study the capability of future
FRB data to break the cosmological parameter degen-
eracies inherent in the CMB data from Planck and the
GW data from ET.
This paper is organized as follows. In Sec. 2, we
briefly introduce the methods for simulating the FRB
data and the standard siren data. We show the con-
straint results and make relevant discussions in Sec. 3.
Finally, conclusion is given in Sec. 4.
2. METHODS AND DATA
2.1. Simulation of FRBs
In this work, we study two dynamical dark energy
models: the wCDM model with the equation of state
(EoS) of DE, w(z) = pde(z)/ρde(z) = w, and the
Chevallier–Polarski–Linder (CPL) model with the EoS
of DE, w(z) = w0 + waz/(1 + z) (Chevallier & Polarski
2001; Linder 2003). According to the Friedmann equa-
tion, the dimensionless Hubble parameter in the flat uni-
3verse is given by
E2(z) =
H2(z)
H20
= (1− Ωm) exp
[
3
∫ z
0
1 + w(z′)
1 + z′
dz′
]
+ Ωm(1 + z)
3, (1)
where H(z) is the Hubble parameter, H0 =
100h km s−1 Mpc−1 is the Hubble constant, and Ωm is
the matter density parameter at present.
In order to generate a mock sample of future de-
tectable FRBs, we first need to assume the redshift dis-
tribution of FRBs. Until now, the progenitors of FRBs
are not generally identified, so there is no real redshift
distribution for FRBs. Therefore, following Li et al.
(2019), we phenomenologically assume that the sources
of FRBs distribute uniformly (i.e., with constant num-
ber density in comoving volume),
Nconst(z) = Nconst χ˜
2(z)
H(z)(1 + z)
e−dL
2(z)/[2dL
2(zcut)], (2)
where Nconst is a normalization factor and χ˜(z) is the
comoving distance at redshift z. We also include a Gaus-
sian cutoff at redshift zcut = 1 to represent the decrease
of the detected FRBs beyond it due to the instrumental
signal-to-noise threshold effect.
The observed DM of an FRB is the difference between
the highest and lowest frequencies of the pulse, whose
contributions are mainly from the FRB’s host galaxy,
IGM, and the Milky Way (Thornton et al. 2013; Deng
& Zhang 2014), i.e.,
DMobs = DMhost + DMIGM + DMMW. (3)
Among these components, DMIGM is related to cosmol-
ogy, which is the integral of the electron number density
along the path of FRB-photon traveling. The average
value of DMIGM can be expressed by cosmological pa-
rameters as
〈DMIGM〉 = 3cH0ΩbfIGM
8piGmp
∫ z
0
χ(z′)(1 + z′)dz′
E(z′)
, (4)
where
χ(z) = YHχe,H(z) +
1
2
YHeχe,He(z). (5)
In this expression, Ωb is the baryon density parameter
at present, fIGM ' 0.83 is the fraction of baryon mass
in the IGM (Shull et al. 2012), mp is the mass of pro-
ton, YH = 3/4 and YHe = 1/4 are the mass fractions of
hydrogen and helium, respectively, and χe,H and χe,He
are the ionization fractions for hydrogen and helium, re-
spectively. Since both hydrogen and helium are fully
ionized at z < 3, we take χe,H = χe,He = 1 (Fan et al.
2006).
From Eq. (3), DMIGM can be measured for an FRB if
DMobs, DMhost, and DMMW could be determined. Thus
the total uncertainty of DMIGM is
σDMIGM =
[
σ2obs + σ
2
MW + σ
2
IGM +
(
σhost
1 + z
)2]1/2
. (6)
The observational uncertainty σobs = 1.5 pc cm
−3 is
adopted from the average value of the released data
(Petroff et al. 2016). According to the Australia Tele-
scope National Facility pulsar catalogue (Manchester et
al. 2005)1, the average uncertainty of the DMMW for the
sources at high Galactic latitude is about 10 pc cm−3.
The uncertainty σIGM describes the deviation of indi-
vidual event from the mean DMIGM, due to the inhomo-
geneity of the baryon matter in the IGM. Here we use
the fitting form of the results in Li et al. (2019), Faucher-
Gigue`re et al. (2011), and McQuinn (2014). It is difficult
to estimate σhost, because it generally depends on the in-
dividual properties of an FRB, such as the type of the
host galaxy, the location of FRB in the host galaxy, and
the near-source plasma. We take σhost = 30 pc cm
−3 as
the uncertainty of DMhost.
Based on the FRB event rate estimated from the
current detections, future mid-frequency component of
SKA is likely to detect ∼ 103 sky−1day−1 of FRBs
(Fialkov & Loeb 2017). Further assuming that 5%
of the detected FRBs can be well-localized to confirm
their host galaxies and considering the bright emission
lines of the host galaxy for the repeating FRB 121102
(Tendulkar et al. 2017), we assume ∼ 10 redshifts of
FRB host galaxies per night can be detected by opti-
cal telescopes (Walters et al. 2018). Thus we consider
a normal expectable scenario with the event number of
FRBs NFRB = 1000 and an optimistic scenario with
NFRB = 10000 for a few years.
2.2. Simulation of Standard Sirens
To simulate the standard siren data from ET, what
we need first is also to assume the redshift distribution
of GWs (Cai & Yang 2017; Zhao et al. 2011),
P (z) ∝ 4piχ˜
2(z)R(z)
H(z)(1 + z)
, (7)
where R(z) is the time evolution of the burst rate with
the form (Schneider et al. 2001; Cutler & Holz 2009; Cai
1 http://www.atnf.csiro.au/research/pulsar/psrcat/
4& Yang 2017)
R(z) =

1 + 2z, z ≤ 1,
3
4 (5− z),1 < z < 5,
0, z ≥ 5.
(8)
The GW signal h(t) in general relativity consists of
two polarizations and can be formulated with the an-
tenna pattern functions F as
h(t) = F+(θ, φ, ψ)h+(t) + F×(θ, φ, ψ)h×(t), (9)
where ψ is the polarization angle and (θ, φ) are the lo-
cation angles of the source in the detector frame. The
antenna pattern functions of one Michelson-type inter-
ferometer of ET are (Zhao et al. 2011)
F
(1)
+ (θ, φ, ψ) =
√
3
2
[1
2
(1 + cos2θ) cos(2φ) cos(2ψ)
− cos θ sin(2φ) sin(2ψ)
]
,
F
(1)
× (θ, φ, ψ) =
√
3
2
[1
2
(1 + cos2θ) cos(2φ) sin(2ψ)
+ cos θ sin(2φ) cos(2ψ)
]
. (10)
Three interferometers of ET have an azimuthal dif-
ference of 60◦ with each other, so the other two an-
tenna pattern functions are F
(2)
+,×(θ, φ, ψ) = F
(1)
+,×(θ, φ+
2pi/3, ψ) and F
(3)
+,×(θ, φ, ψ) = F
(1)
+,×(θ, φ+ 4pi/3, ψ).
It is convenient to analyze GW data in the Fourier
space. The Fourier transform for a GW signal can be
obtained by using the stationary phase approximation,
H(f) = Af−7/6eiΨ, (11)
where A is the amplitude in the Fourier space,
A = 1
dL
√
F 2+(1 + cos
2 ι)2 + 4F 2× cos2 ι
×
√
5pi/96pi−7/6M5/6c . (12)
Here, the luminosity distance is given by
dL(z) =
1 + z
H0
∫ z
0
cdz′
E(z′)
, (13)
Mc = (1 + z)Mη3/5 is the observed chirp mass, M =
m1 + m2 is the total mass of coalescing binary, m1
and m2 are the masses of black hole (BH) or neu-
tron star (NS), and η = m1m2/M
2 is the symmetric
mass ratio. The definition of the function Ψ can refer
to Sathyaprakash et al. (2009) and Zhao et al. (2011).
The parameter ι denotes the inclination angle between
the direction of binary’s orbital angular momentum and
the line of sight. Experimentally, the short gamma ray
bursts (SGRBs) coupled with GWs are supposed to be
strongly beamed, which implies that the observations of
SGRBs should be orientated nearly face on (i.e., ι ' 0).
Computationally, when we apply Fisher matrix to the
GW waveform, averaging over ι and ψ with the maximal
inclination ι = 20◦ is roughly equal to taking ι = 0 (Li
2015). Thus, we take ι = 0 and the dependence for ψ
drops out in the simulation of mock sample.
Whether a signal is confirmed as the GW detection is
determined by the signal-to-noise ratio (SNR) measured
by the detector. The combined SNR for the network of
ET is
ρ =
√√√√ 3∑
i=1
(ρ(i))2, (14)
where ρ(i) =
√〈H(i),H(i)〉 is the SNR of the ith inter-
ferometer, with the inner product being defined as
〈a, b〉 = 4
∫ fupper
flower
a˜(f)b˜∗(f) + a˜∗(f)b˜(f)
2
df
Sn(f)
, (15)
where “∼” denotes the Fourier transform of the func-
tion and Sn(f) is the one-side noise power spectral den-
sity. For simplicity, we limit the integral interval within
[1 Hz, 2fLSO] with fLSO = 1/[6
3/22pi(1 + z)M ], and take
the fitting form Sn(f) of ET from Zhao et al. (2011).
As a preliminary forecast, we use the Fisher informa-
tion matrix method to estimate the instrumental error
on the measurement of dL as
σinstdL '
√〈
∂H
∂dL
,
∂H
∂dL
〉−1
. (16)
With the GW waveform in Eq. (11) and assuming that
dL is independent of other parameters, it is directly to
show σinstdL ∝ dL/ρ. As mentioned above, the inclination
angle is set to be 0 in the simulation. However, when
we estimate the practical instrumental error of dL, the
influence of ι should be taken into account, because there
is a strong degeneracy between ι and dL. We consider
the maximal effect of ι would bring a factor of 2 (between
the source being face-on, ι = 0, and edge-on, ι = pi/2) to
the instrumental error for a conservative consideration
(Li 2015),
σinstdL '
2dL
ρ
. (17)
There is also weak-lensing error caused by the gravity
effect of galaxies, which can be approximated as σlensdL =
50.05zdL. Thus the total error of dL is
σdL =
√
(σinstdL )
2 + (σlensdL )
2
=
√(
2dL
ρ
)2
+ (0.05zdL)2. (18)
Based on the estimate in Sathyaprakash et al. (2010)
and Cai & Yang (2017), we simulate 1000 standard siren
events detected by ET during 10-year lifetime and take
the ratio of BHNS (i.e. the binary system of a black hole
and a neutron star) and BNS events to be 0.03. We also
set the mass distributions in the interval [1,2] M for
NS and [3,10] M for BH, where M denotes the solar
mass.
Although the instrumental error of dL is estimated by
applying the Fisher matrix method, we use the Markov-
chain Monte Carlo analysis (Lewis & Bridle 2002) to
reveal the distinction between different observations.
For the current data, we use the “Planck distance pri-
ors” derived from the Planck 2018 data release (Chen
et al. 2019), and the BAO measurements from 6dFGS
at zeff = 0.106 (Beutler et al. 2011), SDSS-MGS at
zeff = 0.15 (Ross et al. 2015), and BOSS-DR12 at
zeff = 0.38, 0.51, and 0.61 (BOSS Collaboration et al.
2017). In this work, the fiducial values of cosmolog-
ical parameters are taken to be the best-fit values of
CMB+BAO+SN from Zhang et al. (2019).
3. RESULTS AND DISCUSSION
3.1. CMB+FRB
In this subsection, the simulated FRB data are com-
bined with the CMB data to study the help of FRB
in cosmological parameter estimation. In Table 1, we
list the best-fit value and the standard 1σ error for ev-
ery cosmological parameter ξ in the wCDM and CPL
models. In the following, FRB1 and FRB2 denote
the FRB data in the normal expectable scenario (i.e.,
NFRB = 1000) and the FRB data in the optimistic sce-
nario (i.e., NFRB = 10000), respectively.
The constraints from the CMB data are tighter than
those from the FRB data in the normal expectable sce-
nario but weaker than those from the FRB data in the
optimistic scenario. We find that the constraints on cos-
mological parameters are evidently improved for both
CMB+FRB1 and CMB+FRB2 combinations. To ob-
tain some insights into how this can be achieved, we
plot the two-dimensional marginalized posterior proba-
bility distribution contours in the Ωm–w plane for the
wCDM model in Figure 1(a). The orientations of the
parameter degeneracies formed by CMB and by FRB
are rather different, and thus the parameter degenera-
cies are broken by combining the CMB and FRB data.
It is clearer to see this effect in Figure 2(a) for the FRB
data in the optimistic scenario, in which the FRB data
provide a tighter constraint on Ωm compared to CMB.
Quantitatively, the current CMB data combined with
the simulated FRB1 and FRB2 data can give the rel-
ative errors ε(w) = 9.7% and ε(w) = 4.3%, indicating
that the constraints are improved by about 59% and
82% compared with those using the CMB data alone,
respectively.
In Figure 1(b), we show the marginalized posterior
probability distribution contours in the H0–Ωbh
2 plane
for the wCDM model. It is obvious that H0 and Ωbh
2
cannot be effectively constrained by FRB alone, since
DMIGM is proportional to H0Ωb [see Eq. (4)]. Consider-
ing that CMB can constrain Ωbh
2 at high precision, the
inclusion of CMB can break the degeneracy between H0
and Ωbh
2 inherent in FRB, resulting in a precise mea-
surement on H0. Concretely, the simulated FRB1 data
combined with the current CMB data can achieve the
relative error ε(h) = 4.4%, indicating a 56% improve-
ment compared to ε(h) = 10% by using the CMB data
alone. The effect of the event number of FRB is dis-
tinct for the data combination CMB+FRB, as can be
seen from Figure 2(b) in which the degeneracy between
H0 and Ωbh
2 is extremely strong for the FRB data in
the optimistic scenario. Increasing the event number of
FRB from 1000 to 10000 improves the constraints to
ε(h) = 1.8%, which corresponds to a 82% reduction in
the size of the 1σ error of the CMB data.
In the last part of this subsection, we compare the
capabilities of the BAO and FRB data on breaking the
parameter degeneracies inherent in the CMB data (see
the fourth, sixth, and eighth columns of Table 1). From
Figure 3 we find that the constraints from CMB+BAO
are tighter than those from CMB+FRB1 but weaker
than those from CMB+FRB2 in both the wCDM and
CPL models. For example, the 1σ errors on w0 and
wa are 0.29 and 0.81, respectively, by CMB+BAO, and
0.24 and 0.58, respectively, by CMB+FRB2. Other than
that, the BAO data can provide little help on Ωbh
2 con-
straint compared with CMB alone. However, compared
with the result from CMB, the inclusion of the FRB2
data improves the constraint on Ωbh
2 by 42% in the
wCDM model.
3.2. GW+FRB
In this subsection, we study whether the combination
of the simulated FRB and GW data is able to efficiently
break the parameter degeneracies. The constraint re-
sults are given in Table 2.
From Figure 4, only in the optimistic scenario, the
data combination GW+FRB evidently improves the
6Table 1. The constraint results of the cosmological parameters in the wCDM and CPL models.
Model Parameter CMB CMB+BAO FRB1 CMB+FRB1 FRB2 CMB+FRB2
wCDM
Ωm 0.324
+0.055
−0.074 0.316± 0.013 0.285+0.072−0.047 0.310+0.024−0.030 0.307+0.018−0.014 0.312± 0.012
h 0.676+0.061−0.077 0.674
+0.013
−0.015 > 0.613 0.683± 0.030 > 0.614 0.680± 0.012
w −1.00+0.25−0.22 −0.995+0.061−0.054 −1.19+0.73−0.33 −1.03± 0.10 −1.04+0.21−0.17 −1.021± 0.044
102Ωbh
2 2.235± 0.015 2.238± 0.015 2.23± 0.49 2.235± 0.013 2.25+0.64−0.34 2.2353± 0.0087
CPL
Ωm 0.318± 0.059 0.342+0.026−0.029 0.333+0.10−0.076 0.316+0.040−0.054 0.326+0.082−0.056 0.314± 0.023
h 0.682+0.052−0.076 0.650
+0.024
−0.027 > 0.653 0.680± 0.050 > 0.647 0.679+0.023−0.026
w0 −0.60± 0.52 −0.68+0.27−0.31 −0.78± 0.64 −0.89+0.41−0.53 −0.77+0.37−0.50 −0.98± 0.24
wa < −0.592 −0.91+0.91−0.70 < −0.557 −0.49+1.4−0.92 −1.1+2.5−1.5 −0.15+0.62−0.54
102Ωbh
2 2.236± 0.015 2.235± 0.015 2.54+1.0−0.72 2.236± 0.015 2.54+1.0−0.63 2.237± 0.012
Note—The errors at the 68.3% confidence level are shown. The fitting results of the cosmological parameters are obtained by
using the CMB, CMB+BAO, FRB1, CMB+FRB1, FRB2, and CMB+FRB2 data. Here, FRB1 and FRB2 denote the FRB
data in the normal expectable scenario (i.e., NFRB = 1000) and the FRB data in the optimistic scenario (i.e., NFRB = 10000),
respectively.
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Figure 1. Two-dimensional marginalized contours (68.3% and 95.4% confidence level) in the Ωm–w plane (left panel) and the
H0–Ωbh
2 plane (right panel) for the wCDM model, by using FRB, CMB, and CMB+FRB. Here, for the simulated FRB data,
the normal expectable scenario is assumed.
constraints on the parameters compared with those us-
ing the GW data alone. For example, compared with
the results of the GW data alone, the inclusion of FRB2
data reduces the relative error on Ωm from 9.0% to 4.2%.
We also find that the data combination GW+FRB2 pro-
vides the comparable constraints as the CMB+BAO
constraints for the parameters Ωm and Ωbh
2. For the
parameters H0 and w, we have the constraint errors:
ε(H0) = 1.4% and ε(w) = 11% from GW+FRB2, and
ε(H0) = 2.1% and ε(w) = 5.8% from CMB+BAO. Com-
pared with the case of CMB+BAO, the combination of
the FRB and GW data provides tighter constraint on H0
and looser constraint on w. Therefore, the data combi-
nation GW+FRB can serve as a low-redshift measure of
cosmological parameters, which is fully independent of
the CMB and BAO observations.
In fact, the FRB data cannot effectively break the pa-
rameter degeneracies formed by the GW data, because
H0 is poorly constrained by using FRB alone when no
priors are included. In addition, the standard siren data
do not contain the information of Ωb, thus cannot break
the strong degeneracy between H0 and Ωbh
2 in FRB.
Since the CMB data can measure the baryon density,
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Figure 2. Two-dimensional marginalized contours (68.3% and 95.4% confidence level) in the Ωm–w plane (left panel) and the
H0–Ωbh
2 plane (right panel) for the wCDM model, by using FRB, CMB, and CMB+FRB. Here, for the simulated FRB data,
the optimistic scenario is assumed.
Table 2. The 1σ errors on the cosmological parameters in the wCDM model.
Model Parameter GW GW+FRB CMB+GW FRB+CMB+GW
wCDM
σ(Ωm) 0.028
0.024
0.0067
0.0063
0.013 0.0057
σ(h) 0.013
0.012
0.0075
0.0070
0.0097 0.0062
σ(w) 0.18
0.16
0.037
0.034
0.11 0.030
102σ(Ωbh
2) ...
0.022
0.014
0.012
0.013 0.0072
Note—The errors on the cosmological parameters are obtained by using the GW, GW+FRB, CMB+GW, and FRB+CMB+GW
data. The two values in a cell in the columns of GW+FRB and FRB+CMB+GW represent the normal expectable scenario
and the optimistic scenario of FRB, respectively, from top to bottom.
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Figure 3. Two-dimensional marginalized contours (68.3%
and 95.4% confidence level) in the w0–wa plane for the
CPL model, by using CMB+BAO, CMB+FRB1, and
CMB+FRB2.
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Figure 4. Two-dimensional marginalized contours (68.3%
and 95.4% confidence level) in the w–H0 plane for the wCDM
model, by using FRB, GW, and GW+FRB. Here, for the
simulated FRB data, the optimistic scenario is assumed.
8we further include the CMB data in the combination of
FRB+GW as a prior in the next subsection.
3.3. CMB+GW+FRB
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Figure 5. Two-dimensional marginalized contours (68.3%
and 95.4% confidence level) in the w–H0 plane for the wCDM
model, by using GW, CMB+FRB, and CMB+GW+FRB.
Here, for the simulated FRB data, the optimistic scenario is
assumed.
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Figure 6. Two-dimensional marginalized contours (68.3%
and 95.4% confidence level) in the w–H0 plane for the wCDM
model, by using FRB, CMB+GW, and CMB+GW+FRB.
Here, for the simulated FRB data, the optimistic scenario is
assumed.
We further investigate the capability of the data com-
bination CMB+GW+FRB on constraining cosmologi-
cal parameters. The CMB data are used as a prior
on Ωbh
2 to break the strong degeneracy between H0
and Ωbh
2 in FRB. We show the constraint contours by
using the GW, CMB+FRB2, and CMB+GW+FRB2
data combinations for the wCDM model in Figure 5,
which seems to show that the constraints from the com-
bination CMB+GW+FRB are obviously improved than
both GW and CMB+FRB, due to the different orienta-
tions of degeneracies.
However, from Figure 6, it is clear that the constraint
results from the data combination CMB+GW+FRB are
only slightly better than those from CMB+GW. The
constraints from the FRB data are too weak compared
to those from CMB+GW. This is also indicated by Fig-
ure 2(b) in which the parameter degeneracies of the data
combination CMB+FRB are determined by CMB, not
by FRB. The precise measurement on Ωbh
2 by CMB
leads to DMIGM roughly proportional to 1/H0, which is
similar to the expression of luminosity distance. There-
fore, the effect of FRB to break the parameter degen-
eracies inherent in GW is not obvious when using CMB
as a prior.
Although the combination CMB+GW already pro-
vides tight constraints on cosmological parameters, the
FRB data can still supplement to them. Since the
GW data lack of the information of Ωb, the most im-
proved constraint by including the FRB2 data is given
by ε(Ωbh
2) = 0.32%, which is improved by 49% com-
pared to the result of CMB+GW. Except Ωbh
2, the con-
straints on other cosmological parameters are improved
only a little even 10000 simulated FRB data are included
in the data combination.
4. CONCLUSION
In this work, we study the capability of future FRB
data of improving the cosmological parameter estima-
tion. For the event number of FRBs, we consider a
normal expectable scenario, i.e., NFRB = 1000, and an
optimistic scenario, i.e., NFRB = 10000, as examples.
We also consider two dynamical dark energy cosmolog-
ical models, i.e., the wCDM and CPL models.
We find that, although the FRB data alone cannot ef-
fectively constrain H0 and Ωbh
2, the combination of the
current CMB data and the simulated FRB data can pro-
vide rather good constraints on the Hubble constant H0
and dark energy parameters, due to the fact that FRB
is able to break the parameter degeneracies inherent in
the CMB data. Both H0 and the EoS of dark energy w
in the wCDM model are improved by about 50% by in-
cluding the FRB data in the normal expectable scenario,
and are improved by about 80% by including the FRB
data in the optimistic scenario, compared with those
using the CMB data alone. For both the wCDM and
CPL models, the optimistic FRB data have better ca-
pability, compared with the BAO data, of breaking the
parameter degeneracies inherent in the CMB data. Nev-
ertheless, the advantage of the FRB data resides in the
better constraint on Ωbh
2 compared with CMB+BAO.
9We also investigate the capability of the combina-
tion of the FRB data and the GW standard siren
data, another future low-redshift cosmological probe,
in cosmological parameter estimation. We find that
the constraints on cosmological parameters from the
data combination GW+FRB are comparable to those
from CMB+BAO. Thus, this combination may provide
a novel low-redshift probe of the cosmological param-
eters, independent of the CMB and BAO data. If we
include the current CMB data, the constraints from
the combination CMB+GW+FRB seem to be further
improved compared to GW and CMB+FRB. However,
we find that the dominating contributions to the con-
straints of the combination CMB+GW+FRB come from
CMB+GW. In fact, the bottleneck of the FRB data
in cosmology is the strong degeneracy between H0 and
Ωbh
2. In this case, even though the data combination
CMB+GW provides tight constraints, the inclusion of
FRB data can still improve the constraint on Ωbh
2 ev-
idently. For now, the FRB cosmology is still an open
topic, we believe that future plentiful FRB observations
will play a significant role in cosmological parameter es-
timation to supplement and verify the results from other
observations.
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